Borrelia burgdorferi could be occasionally recovered from patients after antibiotic treatment, 1 9 3 1 led to complete eradication of B. burgdorferi even in the presence of fibroblast cells. Further 3 2 studies are needed to determine if the essential oil drug combinations could eradicate persistent B.
Introduction 4 0 1 0 0 then 3T3 cells were seeded onto 24-well plates at 37°C in a humidified incubator with 5% CO 2 . When the confluence stage was reached, GFP-labeled B. burgdorferi at stationary phase of 1 0 4 growth (SP) was centrifuged at 10,000 rpm for 10 min and resuspended in DMEM supplemented 1 0 5 with 10% FBS. Then GFP B. burgdorferi was added to tissue culture plate wells containing 3T3 1 0 6 cells in a 1:10 ratio of fibroblasts against the bacteria or to wells without cells (31). Cells and B. 1 0 7 burgdorferi were cocultured for 48 h. Then the cells were then washed twice with warm PBS, 1 0 8 fresh DMEM medium containing cefuroxime, doxycycline and daptomycin at 5 μ g/mL or 1 0 9 essential oils at three different concentrations 0.1%, 0.05% and 0.02% were added and the 1 1 0 cocultures were further incubated for 7 days before the effect of the treatment was evaluated by 1 1 1 microscopy or subculture study (5). After the cocultures were treated with antibiotics or essential oils for 7 days as described 1 1 5 previously (5) the cells were washed once with warm PBS and lysed by adding 0.5 mL of 1 1 6 distilled H 2 O for 5 min. Adherent cells were then scraped off, and the total content of each well 1 1 7 was inoculated into 1 ml of BSK medium. Cultures were incubated at 33 for 7 days or 21 days wells without cells but with spirochetes underwent the same procedure. The subcultured GFP B. burgdorferi was examined using BZ-X710 All-in-One fluorescence 1 2 3 microscope (KEYENCE, Inc.). The residual cell viability reading was confirmed by using 1 2 4 fluorescence microscopy. The toxic effect of essential oils on the fibroblast cells was evaluated 1 2 5 after incubating the mixture for 7 days when the morphology of the fibroblast cells was observed 1 2 6
using phase contrast function of the BZ-X710 All-in-One fluorescence microscope (KEYENCE, 1 2 7
Inc.). only by single antibiotics doxycycline, cefuroxime, or daptomycin but also by the triple drug burgdorferi remaining after drug treatment for 7 days. However, we did find that Cefuroxime+ shown by visible spirochetal growth after 21-day subculture ( Table 1) . containing a monolayer or to wells without cells (1.5×10 6 live organisms/well) and incubated. Cells and B. burgdorferi were cocultured for 48 h. The cells were then washed twice with warm 1 5 0 5 PBS, fresh tissue culture medium containing antibiotics at 5 μ g/mL was added, and the 1 5 1 cocultures were further incubated for 7 days. After 7 days, cultures were monitored for the 1 5 2 presence of viable B. burgdorferi. Control wells without cells but with B. burgdorferi underwent 1 5 3 the same procedure. Abbreviations: stationary phase culture of B. burgdorferi -SP, murine 1 5 4 fibroblasts NIH/3T3 -3T3, doxycycline -Dox, cefuroxime -CefU, daptomycin -Dap. Growth a After coculture of GFP B. burgdorferi with 3T3 cells treated with antibiotics ex vivo described were incubated at 33℃ for 21 days. After that, cultures were monitored for the presence of We also evaluated essential oils for their activity to kill GFP B. burgdorferi cocultured with 3T3 1 6 7 fibroblast cells ex vivo. We tested 10 essential oils (carvacrol, cinnamon bark, oregano and clove 1 6 8 bud, cinnamaldehyde, allspice, hydacheim, myrrh, garlic and thyme white), which were shown to 1 6 9 have excellent activity against stationary phase B. burgdorferi in our previous studies (27, 28) , at 1 7 0 three different concentrations (0.1%, 0.05% and 0.02%) for activity against GFP B. burgdorferi 1 7 1 cocultured with 3T3 cells. We found oregano oil and carvacrol (active component of oregano) at 1 7 2 the lower concentration of 0.1% could kill all stationary phase B. burgdorferi, but cinnamon bark 1 7 3 and clove bud could not eradicate all stationary phase B. burgdorferi (Figure 2A ). At the same presence of 3T3 cells than at the lower concentrations of 0.05% and 0.02%, but still could not completely eradicate all stationary phase GFP B. burgdorferi ( Figure 2B ). Meanwhile, oregano and garlic had very serious toxicity effect on cell morphology (Table 2) . Therefore, we combined with essential oils ex vivo for activity against a 7-day-old B. burgdorferi stationary phase culture. B. burgdorferi at stationary phase of growth were added to wells containing a monolayer or to 1 9 1 wells without cells (1.5×10 6 live organisms/well) and incubated. Cells and B. burgdorferi were 1 9 2 cocultured for 48 h. The cells were then washed twice with warm PBS, fresh tissue culture 1 9 3 medium containing essential oils at a concentration of 0.1%, 0.05% and 0.02% were added the 1 9 4 cocultures, and the cocultures were incubated for 7 days. After 7 days, cultures were monitored Abbreviations: stationary phase culture of B. burgdorferi -SP, murine fibroblasts NIH/3T3 -3T3. No a 3T3 cells were incubated with essential oils (0.1%, 0.05% and 0.02%) for 7 days to evaluate To assess if essential oils could potentially enhance the activity of the persister drug presence of fibroblast cells (Figure 3 ). In the absence of fibroblast cells, there was no B. 2 1 5 burgdorferi after treatment with carvacrol or oregano (Figure 3 ). Subculture study also 2 1 6 confirmed the high activity of carvacrol or oregano at 0.1% combined with CefU, Dox and Dap and Dap after 21-day subculture (Table 3) . antibiotics and essential oils ex vivo at 200× magnification. We evaluated combination of 2 2 7 antibiotics and essential oils ex vivo for activity against a 7-day-old B. burgdorferi stationary 2 2 8 phase culture. Stationary phase B. burgdorferi cells were added to wells containing a monolayer 2 2 9 of fibroblast cells (1.5×10 6 organisms/well) or to wells without cells and incubated at 37℃. Cells 2 3 0 and B. burgdorferi were cocultured for 48 h. The cells were then washed twice with warm PBS, 2 3 1 fresh tissue culture medium containing antibiotics at 5 μ g/mL or essential oils at a concentration 2 3 2 of 0.1% were added, and the cocultures were incubated for 7 days. After 7 days, cultures were In this study, we used stationary phase B. burgdorferi-fibroblast coculture model ex vivo to 2 5 0 evaluate whether fibroblasts would protect B. burgdorferi from the action of some drugs and pyrazinamide is more active against stationary phase cells and persisters than against log phase 2 5 4 growing cells and could shorten the therapy (32), which justifies the use of stationary phase B. firstly into the skin by ticks, where it spreads locally and establishes infection (33, 34).
5 7
Fibroblasts reside in the skin and interact with B. burgdorferi. Thirdly, fibroblasts have been 2 5 8 shown to protect B. burgdorferi from the action of antibiotics commonly used for its eradication, 2 5 9 especially the most powerful Lyme antibiotic ceftriaxone (5). This implies that fibroblast
